The regulation of transcription by signal transduction pathways is well documented. In addition, we have previously shown that src can regulate pre-mRNA processing. To investigate which functional domains of src are involved in the regulation of splicing and transport of Lymphotoxin a (LTa) transcripts, we have used src mutants in the catalytic, SH2 and SH3 domains in association with the Y527F or the E378G activating mutation. Our results establish that the regulation of pre-mRNA processing and transcription can occur independently of each other. The splicing and transport phenotypes require an intact tyrosine kinase domain and both are insensitive to the deletion of the SH3 domain. Therefore these phenotypes do not depend upon the recruitment through the SH3 domain of src of RNA binding proteins (Sam 68, hnRNP K). By contrast, deletions in the SH2 domain have no eect on splicing but either abolish or exacerbate the transport phenotype depending upon the activating mutation (Y527F or E378G). These divergent responses are associated with speci®c changes in the pattern of tyrosine phosphorylated proteins. Thus, the regulation of transcription, splicing and mRNA transport implicate dierent eector pathways of src. Furthermore, analysis of the transport phenotype reveals the interplay between the SH2 and catalytic domain of the protein.
Introduction
The src gene of the Rous sarcoma virus was the ®rst oncogene shown to be an activated form of a normal cellular gene and the ®rst tyrosine kinase to be characterized (Thomas and Brugge, 1997) . Despite more than 20 years of intensive research, neither the function of the src proto-oncogene nor the mechanism of cell transformation by an activated version of src are fully understood. The increase in src kinase activity during mitosis suggests that it could play a role during this phase of the cell cycle (Taylor and Shalloway, 1996) , but experiments with neutralizing antibodies have also established a role of src in the mitogenic response to some growth factors (Twamley-Stein et al., 1993) . Moreover, inactivation of the src gene leads to a speci®c defect in osteoclast maturation indicating an involvement of src in cell dierentiation (Soriano et al., 1991) . Analysis of the src family of tyrosine kinases led to the identi®cation, in addition to the catalytic domain, of two conserved motifs, SH2 and SH3 ( Figure 1a ). These motifs are prototypes of proteinprotein interaction modules and several of their ligands have been identi®ed (Brown and Cooper, 1996) . The contribution of these ligands to the eector functions of src has not yet been fully delineated and, in particular, the role of the SH2 and SH3 domains in the establishment of the transformed phenotype is poorly understood. Indeed, they appear to be required or not, depending upon the nature of the activating mutation (Kanner et al., 1991; Seidel-Dugan et al., 1992) and/or the cellular context (Hirai and Varmus, 1990) . The involvement of these domains in the regulation of the tyrosine kinase activity of src (Superti-Furga and Gon¯oni, 1997) , may underly these divergent results.
As initially revealed by experiments with enucleated cells, src-induced changes in cell structure and morphology during transformation do not depend upon modi®cations of gene expression at the nuclear level (Beug et al., 1978) . Acquisition of the fully transformed phenotype, however, is associated with multiple alterations in the pattern of gene expression. In response to an activated src gene, an increased activity of several transcription factors including AP1 (Murakami et al., 1997) , NF-kB (Cabannes et al., 1997; Murakami et al., 1997) and Stat3 (Turkson et al., 1998) has been documented. Modi®cations of gene expression at the posttranscriptional level have also been reported. In the case of 9E3 mRNAs which accumulate to high levels in the presence of an activated src gene, the main regulation has been shown to be at the level of mRNA stability in the cytoplasm (Blobel and Hanafusa, 1991) . In addition, we have reported that src can regulate nuclear post-transcriptional events, namely splicing and export of mRNA (Neel et al., 1995) . While many regulatory pathways could be envisioned to account for the regulation of pre-mRNA processing by src, the observation that src interacts via its SH3 domain with RNA binding proteins (Sam 68 (Fumagalli et al., 1994; Taylor and Shalloway, 1994) , hnRNP K (Weng et al., 1994) ) raises the possibility of a direct link between src and pre-mRNA processing through the SH3 domain. To address this issue we have investigated the activity of SH2 and SH3 mutants of src on mRNA processing, using lymphotoxin a (LTa) as a reporter gene for premRNA splicing and transport analysis. To take into account the functional interaction between these domains and the tyrosine kinase domain, deletions were introduced in two dierent backgrounds, the classical Y527F mutation (Kmiecik and Shalloway, 1987) which involves the C-terminal regulatory tyrosine and the spontaneous E378G mutation (Levy et al., 1986) which lies within the catalytic domain.
Results
Our experimental approach of pre-mRNA processing in vivo relies on the quanti®cation of the accumulation of the processing intermediates of the LTa transcripts. This gene constitutes a convenient reporter for premRNA processing studies (Neel et al., 1993 (Neel et al., , 1995 Weil et al., 1990) because of its short size, moderate level of splicing complexity (three introns which are sequentially removed from the polyadenylated primary transcript), inecient splicing of intron 3 and the export to the cytoplasm of intron 3 containing precursors as well as fully mature mRNA ( Figure  1b) . RNase protection assays can be used to unambiguously identify the dierent RNA species and reliably quantitate their accumulation. Provided that all the possible reactions are taken into account and that the system is at equilibrium, it is possible to derive from the products to precursor ratios the¯ux of molecule generated by each processing step. These results can then be formalized using a pseudo-®rst order description of the splicing and transport reactions, yielding reaction rates (see Materials and methods for the equations and note that, as these numbers will be used for comparative purposes, it is not essential that the processes do actually follow a ®rst order reaction).
Analysis of src single mutants and a kinase-inactive double mutant
To assay the activity of src mutants, NIH3T3 cells were co-transfected with equal amounts of a src and a LTa expression vector. Forty-one hours after transfection, nuclear and cytoplasmic RNAs were prepared and analysed by RNase protection assays and the radioactive signals quantitated with a Phosphorimager. When wt src and single mutants were thus analysed, an increase in LTa RNA accumulation was observed with wt src and src Y527F (Figure 2 ). As the same variations were observed in the nuclear and cytoplasmic compartments, they most likely re¯ect changes in the transcriptional activity of the CMV promoter. In this respect, src Y527F was about twice more potent than wt src (see Figure 3a for a quantitation of cytoplasmic accumulation). In contrast with these results, the src E378G mutant had no eect on mRNA accumulation, while the kinase inactive double mutant src K295M Y527F even induced a decrease in mRNA accumulation. Thus, all these single mutants dier by their ability to transactivate the CMV promoter.
The apparent splicing rate of intron 3 was determined as indicated in Materials and methods (see also Neel et al., 1993 Neel et al., , 1995 and these results are presented in Figure 3b . The wt src gene and both Y527F and E378G activating mutations induced a 3 ± 4-fold reduction of this rate while the kinase inactive mutant had no eect. Figure 3c presents the apparent transport rates of the immature transcripts (e.g. t N1 for transcripts containing only intron 3) as a function of the transport rate of the mature species t N0 (see Material and methods). In control experiments a hierarchy was observed in which the transport progressively decreased in relation to the number of introns. This hierarchy was not signi®cantly altered by the wt src gene but both activating mutations completely abolished it, leading to comparable transport rates for all the LTa nuclear species (Figure 3c ). The kinase inactive mutant had no eect or even slightly reduced the transport rates of the immature species.
Our previous studies on src and src Y527F had led us to conclude that cotransfection with a src gene induced two modi®cations of LTa pre-mRNA maturation, a slowing down of splicing and an ecient export of immature transcripts, the latter requiring the Y527F activating mutation. Here we extend these conclusions by showing that src E378G induces both the splicing and transport phenotype but has no transactivating activity on the CMV promoter, thus directly excluding that these phenotypes could result from a saturation of the processing machinery. Moreover, the results obtained with the kinase inactive mutant indicate that these modi®cations of pre-mRNA maturation as well as the transactivation of the CMV promoter require the tyrosine kinase activity of src. (Neel et al., 1993 (Neel et al., , 1995 . The four nuclear species are designated by N3, N2, N1 and N0 according to the number of introns they contain. The corresponding cytoplasmic species are similarly designated by C3, C2 C1 and C0, the splicing and transport rates by s in and t Nn
Analysis of the phosphotyrosine content of transfected cells
To address whether these dierential activities on premRNA processing relate to the corresponding tyrosine kinase activities of src, src Y527F and src E378G, an analysis of tyrosine phosphorylation was performed by Western blotting. To enable a proper comparison, a puromycin selection scheme (see Materials and methods) was used to enrich for the transfected cells. Results of representative experiments are presented Figure 4 . No signal was observed in the absence of a transfected src gene (control lanes), in agreement with the low basal level of tyrosine phosphorylation in untransformed cells. As expected, transfection of the kinase inactive mutant (Figure 4a ) did not signi®cantly increase the signal. wt src and the activated mutants induced a complex pattern of phosphorylation, src itself being the predominant substrate (Figure 4c and d). Analysis of these lysates with an anti-src antibody con®rmed the identity of this band and indicated that the dierent proteins were expressed at comparable levels (data not shown). src Y527F (Figure 4a ) induced much higher levels of tyrosine phosphorylation, both increasing the phosphorylation of the wt src substrates and unveiling new substrates such as the intense band in the range of 28 kDa. src E378G (Figure 4b ) induced an intermediate pattern of phosphorylation since (i) the overall level of phosphorylation was only modestly increased over that of wt src and (ii) some of the substrates of src Y527F were actively phosphorylated (e.g. in the 28 kDa and 130 kDa range). As the transport phenotype is associated with src Y527F and src E378G but not wt src, these observations suggest that it could involve the phosphorylation of speci®c substrates rather than an increased phosphorylation of the wt src substrates.
Role of the SH2 and SH3 domains
To address the role of the SH2 and SH3 domains in the regulation of splicing and transport by src, we investigated the activity of src mutants carrying deletions in either the SH3 (dlA) or SH2 (dlB and dlC) domain ( Figure 1a ). As these deletions can by themselves activate the tyrosine kinase activity of src, we introduced them in the context of activating mutations (Y527F and E378G) in order to focus on the other functions of the SH2 and SH3 domains. Figure 5 presents the results of cotransfection experiments of LTa with the Y527F/DSH3 and Y527F/DSH2 double mutants. These double mutants had a transactivating activity on the CMV promoter similar to that of the parental src Y527F. Similarly, they all induced a 3 ± 4-fold reduction in the splicing rate of intron 3. By contrast, deletion of the SH2, but not of the SH3 domain, abolished the transport phenotype of the parental Y527F mutant as both Y527F dlB and Y527F dlC led to an inecient transport of all the immature transcripts (N1, N2 and (7), a wt src (src), a src Y527F (F527), a src E378G (G378) and a kinase inactive double mutant K295M/Y527F (M295). Four mg of nuclear or cytoplasmic RNA were analysed with probe A which encompasses LTa introns 2 and 3. The nuclear and cytoplasmic species corresponding to the protetected fragments are indicated on the left of each panel according to the nomenclature of Figure 1b . A sample from untransfected NIH3T3 cells and the undigested probe are included in b. The molecular weight scale on the right was generated with end-labeled MspI fragments of pBR322 DNA N3, Figure 5c ). Thus, within the Y527F context, the splicing phenotype does not require a functional SH3 or SH2 domain, but the transport phenotype is dependent upon the presence of an intact SH2 domain.
As the phenotype of the Y527F DSH2 double mutants was reminiscent of that of the wt src gene, we analysed the level of phosphotyrosine in the transfected cells to investigate whether the double mutation had signi®cantly reduced the kinase activity compared to that of src Y527F. The phosphorylation pattern generated by the Y527F/DSH3 and Y527F/ DSH2 (dlC) mutant is presented Figure 4a and c. It is apparent that while the overall activity was similar to that of src Y527F, there were signi®cant dierences in the main substrates. Thus, the 28 kDa substrate which is strongly phosphorylated by src Y527F, is undetectable in the Y527F/DSH2 lysate. Similarly, substrates in the 35 kDa range are no longer detectable in the Y527F/DSH2 lysate. Thus, the SH2 deletion does not markedly reduce the overall tyrosine kinase activity of srcY527F but leads to modi®cations in the pattern of phosphorylated proteins.
A similar analysis of the role of the SH2 and SH3 domain was carried out in the E378G context ( Figure  6 ). As observed before (Figure 3 ) the E378G mutation does not lead, by itself, to a transactivation of the CMV promoter. By contrast, deletion of the SH2, but not of the SH3 domain, led to a signi®cant transactivation. Deletion of either the SH3 or SH2 domain did not change the splicing rate of intron 3. As to the transport phenotype, the deletion of the SH3 domain had no impact while that of the SH2 domain induced a new phenotype in which the export of the N2 and N3 species was exacerbated (Figure 6c) .
Thus, the consequences of the SH2 deletion depend upon the activating mutation which is present. To Regulation of pre-mRNA processing by src P Gondran and F Dautry assess whether these dierences correlated with the tyrosine kinase activity of the mutants, a phosphotyrosine analysis of the transfected cells was performed (Figure 4b and d). While there was no signi®cant dierence in the pattern of phosphorylated proteins induced by src E378G and E378G/DSH3, the SH2 deletion induced a major increase in phosphotyrosine which involved both the src E378G substrates as well as the recruitment of new substrates in the 35 ± 45 kDa range.
Discussion
We have previously reported that in addition to its activities on transcription, mRNA stability and cytoskeletal organization, src could also regulate premRNA processing. Through the use of a set of src mutants the present study further characterizes this regulation and investigates the involvement of the dierent domains of src. The K295M (kinase inactive) mutant establishes that both the splicing and transport phenotypes require the kinase activity of src. The E378G mutant directly establishes that the slowing down of splicing and the export of partially spliced transcripts can occur independently of an increase in transcription, de®nitely excluding that they could re¯ect a saturation of the pre-mRNA processing machinery.
One goal of the present study was to assess whether the recruitment of RNA binding proteins by the SH3 domain of src was required for the regulation of premRNA processing. Double mutants which associate a deletion of the SH3 domain with either the Y527F or E378G activating mutation have a phenotype which is similar to that of their respective parent, Y527F or E378G. Thus, neither the regulation of splicing nor that of transport requires a functional SH3 domain. Since the SH3 deletion we have used, it has been shown to abolish the interaction between Sam68 and src (Taylor and Shalloway, 1994), these results establish that the recruitment of Sam68, and presumably the other SH3 ligands like hnRNPK, is not required for the regulation of LTa pre-mRNA processing.
In contrast, deletion of the SH2 domain leads to a modi®cation of the transport phenotype, splicing being only slightly aected. In association with the Y527F mutation, DSH2 essentially abrogates the transport phenotype, the transport rates of all the immature species (t N3 , t N2 , t N1 ) being signi®cantly below that of the mature mRNA (t N0 ). In association with the E378G mutation, the same SH2 deletion exacerbates the transport of the more immature transcripts (N3, N2) rather than reduces it. Thus, these results indicate a dierential interaction between the SH2 domain and the Y527F and E378G activating mutations instead of an obligatory role of the SH2 domain in eecting the regulation of transport.
The SH2 domain has been proposed to control both quantitatively and qualitatively the tyrosine kinase activity of src (Figure 7) . Thus, an intramolecular interaction between the SH2 domain and the phosphorylated tyrosine 527 is a major regulator of the tyrosine kinase activity through the induction of a closed conformation of the catalytic domain (SupertiFurga and Gon¯oni, 1997, Figure 7) . The Y527F mutation prevents this binding, and, in this respect, should be equivalent to the deletion of the SH2 domain. In agreement with this model, the global level of phosphotyrosine induced by Y527F and Y527F/DSH2 are similar. In contrast, the E378G mutation leads to a signi®cant increase in tyrosine kinase activity in chicken embryo ®broblasts (CEF) by an uncharacterized mechanism (Seidel-Dugan et al., 1992) . In NIH3T3 cells, we observed that this kinase activity can be further increased by the deletion of the SH2 domain suggesting that the Y527-SH2 regulatory interaction is still operative in the E378G context (hence the`closed' conformation of the E378G protein in Figure 7 ). This conclusion is further supported by the observation that E378G/DSH2 induces a level of phosphotyrosine which is higher than that of src Y527F or Y527F/DSH2.
In addition to controlling the conformation of the catalytic domain of src, the SH2 domain has been observed to determine in part the identity of the substrates (Mayer et al., 1995; Pellicena et al., 1998) . Indeed, deletion of the SH2 domain in the Y527 context leads to conspicuous changes in substrates in the absence of a major change in the overall phosphotyrosine content. This involvement of the SH2 domain in the choice of substrate could re¯ect its role in enabling a processive mode of phosphorylation (Mayer et al., 1995; Pellicena et al., 1998) , as the recognition of an already phosphorylated substrate by the SH2 domain facilitates its further phosphorylation on other tyrosine residues by lowering the Km (Pellicena et al., 1998) . Accordingly, the results of the Y527F/DSH2 mutant would indicate that the processive phosphorylation of some substrates is critical for Figure 4 Western blot analysis of phosphotyrosine-containing proteins in transfected cells. Cells were co-transfected with pCM pac (which confers resistance to puromycin) and expression vectors for the indicated src mutants (a and c: controls, wt src, src Y527F simple and double mutants; (b and d): src E378G simple and double mutants). Cells were selected by puromycin for the last 16 h and 50 mg of whole-cell lysates were analysed by immunoblotting with anti-phosphotyrosine RC20 as described in Materials and methods. Molecular sizes are given in kilodaltons. (c and d) present the area in the vicinity of 60 kDa of a less exposed blot with the expected migration of the dierent src mutants the transport phenotype. By contrast, the persistence of the transport phenotype in E378G/DSH2 indicates that the E378G phenotype is at least partially dominant over that of DSH2. Therefore, these results suggest that the E378G mutation increases the processivity of the kinase by a SH2-independent mechanism (this putative mechanism being indicated by the arrow with a question mark in Figure 7) , the SH2 deletion in this context further increasing the tyrosine kinase activity and thus exacerbating the transport phenotype.
In summary, our results indicate that the regulation of pre-mRNA processing is mediated by the phosphorylation on tyrosine of speci®c substrates. Thus, dierent levels of regulation can be observed through the interplay of the global tyrosine kinase activity, processivity and substrate speci®city. The slowing down of splicing which we have observed in all the experiments including those with the normal src gene is likely to be due to the phosphorylation of favored substrate(s). By contrast, the transport of immature transcripts, which leads to their accumulation in the cytoplasm, requires the presence of an activating mutation and is sensitive to the SH2 domain, indicating more speci®c requirement on the activity of the src gene. Similarly, Y527F/DSH2 has been reported to be poorly transforming in CEF cells (Kanner et al., 1991) in contrast with E378G/DSH2 (Seidel-Dugan et al., 1992) . Therefore, the accumulation of partially spliced transcripts correlates with the transforming activity of src. Interestingly, an increased accumulation of intron containing mRNA has been observed in many tumors for the CD44 gene (see Goodison and Figure 5 Quantitative analysis of LTa pre-mRNA processing in the presence of src Y527F double-mutants. Nuclear and cytoplasmic RNAs from a set of three independent experiments were analysed by RNase protection as in Figure 2 and the results quanti®ed as in Figure 3 . Results are presented as mean values+s.e.m. for the transfections with the control vector (7), the src Y527F activated mutant (src F527), and the src Y527F/DSH3 (dlA) and src Y527F/DSH2 double mutants (dlB and dlC). (a) Cytoplasmic RNA accumulation (C0+C1+C2+C3). For each transfection the control value was taken as an expression level of 1. (b) Apparent splicing rate of intron 3 (C0/N1). (c) Relative transport rates of the immature transcripts (tNi/tN0) Tarin, 1998 , for a review), and in pheochromocytomas for ret (Thermes, personal communication) suggesting that our observations in cells transiently transfected with src could be relevant to tumor progression in vivo.
The present study documents the regulation of premRNA processing by tyrosine phosphorylation. The observation that many RNA binding proteins shuttle between the nucleus and the cytoplasm (Pinol-Roma and Dreyfuss, 1992) opens the possibility that src could directly phosphorylate proteins involved in the nuclear metabolism of mRNA. Despite our limited knowledge of tyrosine phosphorylation of nuclear proteins, the case of the Artemia homolog of hnRNP A1 is particularly suggestive. This major hnRNP protein can be hyperphosphorylated on tyrosines by a member of the src family and this leads to a modi®cation of its RNA binding speci®city (Pype et al., 1994) . Our results therefore warrant an investigation of the phosphorylation on tyrosine of nuclear proteins in mammalian cells.
Materials and methods

Transfections and selection
NIH3T3 cells were routinely maintained at low density in Dulbecco's modi®ed minimal essential medium (DMEM) supplemented with 7.5% fetal calf serum. For transfection, 6610 5 cells were seeded per 85 mm dish, the medium was renewed after 6 h and the transfection performed 1 h later with 15 mg of DNA per dish (7.5 mg of each plasmid) by a standard calcium phosphate procedure. After 16 h, the medium was replaced with fresh medium supplemented with 10% fetal calf serum. RNAs were extracted 41 h after the initiation of transfection. Figure 6 Quantitative analysis of LTa pre-mRNA processing in the presence of src E378G double-mutants. Nuclear and cytoplasmic RNAs from a set of three independent experiments were analysed by RNase protection as in Figure 2 and the results quanti®ed as in Figure 3 . Results are presented as mean values+s.e.m. for the transfections with the control vector (7), the src E378G activated mutant (src E378), and the src E378G/DSH3 (dlA) and src E378G/DSH2 double mutants (dlB and dlC). To isolate the transiently transfected cells, a short term puromycin selection scheme was used. NIH3T3 cells were cotransfected with 7.5 mg of the pCM pac puromycin resistance plasmid and 7.5 mg of a src eector plasmid, 10 mg/ml puromycin was added to the culture medium for the last 16 h. Under these conditions the isolated populations were composed of 80 ± 90% transfected cells as monitored in control experiments with a b-gal expression vector.
RNA extraction and analysis
Separation of the nuclear and cytoplasmic fractions was achieved by NP40 lysis as described (Neel et al., 1993) . RNA was puri®ed by addition of guanidinium thiocyanate and centrifugation over a cesium chloride cushion. On average, the cytoplasmic and nuclear fractions contained 80 and 20% of cellular RNA, respectively.
For RNase protection analysis, 4 mg of RNA were hybridized with 300 pg of RNA probe (labeled with a-32 P-UTP to a speci®c activity of 6610 7 c.p.m./mg), digested with RNases A and T1 and electrophoresed through 5% ureapolyacrylamide gels as described (Neel et al., 1993) . Quanti®cation of the results was performed with a Fuji Bio-imaging Analyzer, taking into account the number of labeled residues in each protected fragment and the respective sizes of the nuclear and cytoplasmic fractions.
Antiphosphotyrosine immunoblotting
Whole-cell lysates obtained after puromycin selection were adjusted for protein concentration and 50 mg of proteins were separated by electrophoresis on a 9% SDSpolyacrylamide gel and transferred to a PVDF membrane (Amersham) in the presence of 0.2 mM orthovanadate (Sigma). Filters were probed with the RC20 antibody (Transduction Laboratories) under the conditions speci®ed by the manufacturer. RC20 is a horseradish peroxidaselinked recombinant anti-phosphotyrosine derived from the PY20 antibody. Immunoreactivity was detected by enhanced chemiluminescence (Pierce).
Expression vectors and probes
Expression vectors and probes for LTa were described previously (Neel et al., 1995) . The chicken c-src E378G cDNA and its derivatives dlA, dlB and dlC were kindly provided by Joan S Brugge and are described in SeidelDugan et al. (1992) . src cDNAs were excised by ClaI and introduced at the BamHI site of the pCM expression vector (Neel et al., 1993) after blunt ending. pCM src Y527F dlA, dlB and dlC expression vectors were obtained from their E378G counterparts by exchanging an NcoI-MluI fragment corresponding to the 5' end of the cDNA. The K295M mutation was introduced into the pCM src Y527F expression vector by oligonucleotide-directed mutagenesis using the`Transformer' kit (Clontech). The pCM pac selection vector was obtained by excising the pac gene, which confers resistance to puromycin, from the pPUR plasmid (Clontech) and inserting it between the HindIII and SacI sites of the pCM vector.
Modeling of the splicing and transport reactions
Our derivation of reaction rates from transcript accumulation is outlined in Neel et al. (1995) . It relies on a description of transport and splicing reactions as pseudo®rst order processes and uses the fact that, at equilibrium, the product to precursor ratios are directly related to reaction rates. Speci®cally, we take into account three splicing rates (s i1 , s i2 and s i3 ), four transport rates (t N0 , t N1 , t N2 , t N3 ) and four cytoplasmic degradation rates (d C0 , d C1 , d C2 and d C3 ). For any nuclear transcript Nn, an apparent transport rate can be derived by writing that the¯ux of exported molecules (t Nn *Nn) is equal to that of cytoplasmic degradation (d Cn *Cn), hence t Nh =Cn/Nn*d Cn . Similarly, splicing rates can be obtained by equating the¯ux of molecules generated by splicing (e.g. s i3 *N1, for intron 3 removal) to that of the ®nal product (t N0 *N0, in this case), hence s i3 = t N0 *N0/N1=d C0 *C0/N1. For higher order precursors, the same approach leads to s i2 =(d C0 *C0+ d C1 *C1)/N2 and s i1 =(d C0 *C0+d C1 *C1+d C2 *C2)/N3. In a previous study we observed that the dierent cytoplasmic species had similar cytoplasmic degradation rates and that they were not signi®cantly aected by the presence of a transfected src gene (Neel et al., 1995) . Therefore, for comparative purpose the splicing and transport rates can be expressed as s i3 =C0/N1 and t Nn =Cn/Nn. Figure 7 Schematic representation of the conformation and catalytic activity of the src mutants. The wt src protein is represented in its`closed' conformation in which the phosphorylated tyrosine 527 interacts with the SH2 domain. The SH2, SH3 domains and the two lobes of the catalytic domain are positioned according to the structural data of Xu et al. (1997) . Glutamine 378 (E) is positioned close to the catalytic cleft. The arrow symbolizes the tyrosine kinase activity, the relative levels being indicated by crosses. The presumed eect of the Y527F mutation, leading to an`open' conformation of the protein is depicted in the left panel. The possible interaction between the phosphorylated residues and the SH2 domain is indicated by a double arrow. The E378G mutants are described on the right, the induced change of conformation being indicated by an indentation in the corresponding catalytic lobe. A putative interaction between phosphorylated residues and the catalytic domain is indicated with a question mark
